Overexpression of phospholipase D enhances matrix metalloproteinase-2 expression and glioma cell invasion via protein kinase C and protein kinase A/NF-kappaB/Sp1-mediated signaling pathways.
Glioblastoma is a severe type of primary brain tumor, and its highly invasive character is considered to be a major therapeutic obstacle. Phospholipase D (PLD) isozyme is overexpressed in various human tumor tissues and involved in tumorigenesis. However, the molecular mechanisms by which PLD enhances glioma invasion are unknown. In this study, we demonstrate that the increased expression of PLD and its enzymatic activity in the glioma stimulate the secretion and expression of matrix metalloproteinase (MMP)-2 and induce the invasiveness of glioma cells. The upregulation of MMP-2 induced by phosphatidic acid (PA), the product of PLD, was mediated by protein kinase C (PKC), protein kinase A (PKA), nuclear factor-kappaB (NF-kappaB) and Sp1 and it enhanced glioma cell invasion. PA activated PKC and PKA and induced the nuclear translocation and transactivation of NF-kappaB. PA also increased the binding of NF-kappaB and Sp1 to the MMP-2 promoter. Mutation of the NF-kappaB- or Sp1-binding sites significantly attenuated MMP-2 promoter activity. This is the first report to show that NF-kappaB and Sp1 are essential transcriptional factors linking PLD to MMP-2 upregulation, providing evidence that PLD contributes to glioma progression by enhancing MMP-2 expression and tumor cell invasion via PKC/PKA/NF-kappaB/Sp1-mediated signaling pathways.